The UV-Excess Survey of the Northern Galactic Plane images a 10
INTRODUCTION
The availability of wide field CCD camera arrays on medium-sized telescopes has led to the emergence of large scale optical surveys of the sky, targeting one or more scientific objectives. The vast majority of these surveys, such as the Sloan Digital Sky Survey (York et al. 2001 ) are concentrated on the extragalactic universe. However, there is an increasing interest in a more detailed study of our own Milky Way Galaxy as well. The recently completed SDSS-II/SEGUE program (Yanny, Rockosi, Newberg et al., 2009 ) is specifically targeting lower galactic latitudes, and the RAVE survey (Steinmetz et al., 2006 ) is targeting the Galactic halo and streams and companions to the Milky Way.
The plane of the Milky Way, however, has so far not been the target of a full scale optical, multicolour, digital and photon-noise limited survey, despite its obvious value for many fields of astrophysics. This situation is changing with the European Galactic Plane Surveys (EGAPS) currently underway. Combined, the EGAPS surveys (described below) will cover the full Galactic Plane in a strip of 10×360 degrees centred on the Galactic equator, in the u/U, g, r, i, Hα bands down to (Vega) magnitude ∼21 -22 (or equivalent line flux), and for the Northern survey also in the Hei5875 filter. EGAPS started off with the INT Photometric Hα Survey (IPHAS ; Drew et al., 2005, hereafter D05 ) that covers the Northern Galactic Plane in the r, i and Hα bands. Here we describe the UVEX survey: the UV-Excess Survey of the Northern Galactic Plane that uses the exact same set-up as IPHAS but will image the Northern Plane in U, g, r and Hei5875. The Southern Galactic Plane will be covered by the VPHAS+ survey (using u, g, r, i, Hα) as an ESO Public Survey on the VST+Omegacam combination and will probably start in the beginning of 2010.
Very few dedicated blue surveys at low galactic latitudes exist, apart from all-sky surveys such as the Palomar sky surveys or the ESO sky surveys, performed in the 1950-1990s, using photographic plates. A notable exception is the Sandage Two-Color survey of the Galactic Plane as presented in a series of papers by Lanning (1973) and Lanning & Meakes (2004;  and references therein; also see Lanning & Lépine, 2006) . The total survey covers 5332 square degrees (124 plates) centered on the Galactic Plane (at b = -6
• , 0
• and +6 • ) using photographic plates (6.6 degrees on a side) and the UG1 ('UV') and GG13 ('B') filters on the Palomar 48-inch Oschin Schmidt telescope. So far 734 UV-bright sources in 39% of the total area of the survey have been published, averaging one source per 2.83 square degrees down to mB ∼ 20. UV-bright candidates were selected by eye as having U − B < 0, but with significant scatter on both the photometry and the completeness due to crowding and differing quality of the photographic plates. Not being digital, and the extra problems crowding present to photographic observations, make the survey good for picking out the bluest objects, but not useful for a systematic study of stellar populations in the Galactic Plane. Although UVEX will cover a smaller area (1850 square degrees for the Northern Survey; 3600 square degrees when ultimately combined with VPHAS+), the survey is fully photometric, allowing a more consistent and more detailed source extraction and all data will be digitally available. First results on the selection of UV-bright sources in UVEX shows a much higher surface density of sources (∼10 per square degree), which is both due to the greater depth of UVEX (in particular in the g-band), as well as the more consistent and automated selection techniques, which allow identification of UV-bright objects at a much redder cut-off than was possible for the Sandage Two-Color survey (see Groot et al., 2009, in preparation) .
Here we describe the scientific objectives of the UVEX survey (Sect. 2), the survey design and observing strategy (Sect. 3), simulations of stellar populations in the UVEX colours (Sect. 4), the early results (Sect. 5), the seeing statistics and the effect of crowding on the detected number counts (Sect. 6) and conclusions (Sect. 7).
SCIENCE GOALS
The main science goal of UVEX is to chart the Galactic population of stellar remnants, single and in binary systems. These include single and binary white dwarfs, subdwarf B stars, Cataclysmic Variables, AM CVn stars and neutron star and black hole binaries. These systems are hot, and therefore blue, due to the remnant energy in the compact objects or they are being kept hot due to accretion. Due to their small size (typically ∼ < 1 R⊙) these systems are intrinscically faint, despite their hot temperature. In particular, they have much lower absolute visual magnitudes than main sequence stars of similar colours. At a given apparent magnitude they will therefore be much closer by than main sequence stars and therefore have suffered much less extinction than a main sequence star of the same intrinsic colour. This technique to identify stellar remnants has been used before, e.g. to search for old halo white dwarfs in front of molecular clouds (Hodgkin et al. priv.com.) . The reason to survey the Galactic Plane is that the target populations are Galactic populations and therefore strongly concentrated towards the Galactic Plane. Fig. 1 illustrates this point. Here latitude (lower panels) of three Galactic populations with absolute visual magnitudes M V = 15, 10 and 5 (left to right), based on a Galaxy model according to Boissier &Prantzos (1999) , and including a Sandage (1972) extinction model, as detailed in . A sample with limiting magnitude V = 23 is shown here to illustrate the strong concentration of these populations towards the Galactic Plane. In the M V = 5 panel the extra sources at d = 8kpc are caused by the Galactic Bulge.
we have taken a model of the Galaxy according to the prescription of Boissier & Prantzos (1999) , and populated this with populations having absolute visual magnitudes of MV = 15, 10 and 5. A Sandage (1972) type model of Galactic extinction was included. This Galaxy model is identical to the one used and described more extensively in Nelemans, Yungelson & Portegies Zwart (2004) . A limiting magnitude of V = 23 was taken to construct Fig. 1 . It can be seen that any population with an absolute magnitude in the range 5 MV 10 is strongly concentrated to the Plane of the Galaxy. Respectively 12%, 40% and 97% of all objects in Fig. 1 lie within the first 5
• of the Plane (the limits of the UVEX survey) for MV = 15, 10 and 5. Subdwarf B stars, Cataclysmic Variables, AM CVn stars, young white dwarfs and most neutron star and black hole binaries all have absolute magnitudes MV < 15. It is only for the faintest systems (old white dwarfs and very low mass accretion rate interacting binaries) that we sample such a local population that no concentration towards the Galactic plane is seen.
The prime motivation to chart the population of interacting binaries and stellar remnants in our Galaxy is that a large and homogeneous sample is needed to answer questions in the fields of binary stellar evolution (e.g. on the physics of the common-envelope phase), the gravitational radiation foreground from compact binaries in our Galaxy for missions such as LISA, and the influence of chemical composition on accretion disk physics. For this last item in particular the comparison between hydrogen-rich systems such as Cataclysmic variables and helium-rich (AM CVn stars; e.g. or even C/O-rich (Ultracompact X-ray Binaries; ) systems will be important. The currently known populations of these last two classes are limited to less than two dozen systems each, severely limiting a population study (see Roelofs, Nelemans & Groot, 2007) .
Besides the main science goal outlined above, the UVEX survey will allow for many more scientific studies in the field of Galactic astrophysics, especially in combination with the IPHAS survey. The combination of UVEX and IPHAS will allow a much cleaner separation of stellar populations with different intrinsic colours, absolute magnitudes and varying degrees of reddening. The added opportunities include:
• A 3D dust model of our Galaxy on an arcsecond scale: the inclusion of Hα with the four broad bands allows for breaking the degeneracy between reddened early type stars and unreddened late type stars due to their strongly different . Filter efficiency curves of the U , g, r, Hei5875, Hα and i band filters used in the UVEX and IPHAS surveys (dashed and dashed-dotted curves), overplotted onto the spectrum of Vega (solid curve), together with the CCD efficiency curve (dashed). Hα absorption lines strength. See Drew et al. (2008) and Sale et al. (2009) for the usage of IPHAS data towards this goal.
• The first ever accurate high proper motion study in the Galactic Plane. The overlap in r band observations between UVEX and IPHAS has a minimum of three years baseline distance, and otherwise identical set-up allows for proper motion determinations down to µ 100 mas yr −1 for the IPHAS -UVEX comparison and down to µ 20 mas yr
for an IPHAS -POSS-I comparison; Deacon et al. (2009) . These should be compared to the recent surveys by Lépine et al. (see Lépine 2008 and Lépine & Shara, 2005) . The combined IPHAS/UVEX proper motions will have more accurate photometry and better completeness, both because CCD observations are used instead of photographic plates.
• The identification and characterisation of open clusters, star forming regions and (highly reddened) O/B associations down to the magnitude limit of the two surveys.
• The characterization of stellar photometric variability on a three-year timescale due to reobservations in the r band. This includes the identification of long period variables (e.g. Mira stars), irregular variables (dwarf novae-type cataclysmic variables, soft X-ray transients, flare stars), and a first identification of large amplitude regular variables (e.g. RR Lyrae stars). EGAPS will also serve as a baseline for new transients in the plane of the Milky Way as shown by our study of Nova Vul 2007 (V458 Vul) whose progenitor was identified in IPHAS data taken only seven weeks before the nova explosion (Wesson et al., 2008) .
In the science goals of the UVEX survey the U -band observations play a crucial role. Since the U -band is the most sensitive to dust extinction it is not only a pivotal band to identify those hot but low-luminosity populations in the Plane, but is also a band that will play a very important role in the dust mapping of the Plane. Straddling the Balmer jump it is also the broad band which is most sensitive to chemical composition and atmospheric pressure in the underlying populations.
SURVEY DESIGN & DATA PROCESSING
Apart from the filters, the survey design is identical to that of the IPHAS survey as described in D05. The same field centers have been taken so all fields will be imaged twice in a set of overlapping pointings. The order of field selection for UVEX is mainly based on the availability of 'good' IPHAS data for the same field with a time baseline of at least three years. Here 'good' IPHAS photometry refers to those fields that have a seeing less than 2.0 ′′ , ellipticity of the stellar image <0.2 and a sky background of <2000 cts in r (González- Solares et al., 2008) . This strategy has been chosen to ensure both a reasonable proper motion baseline as well as a high quality dataset covering the full optical spectrum. UVEX observations are done in the RGO U filter, the Sloan Gunn g and r filters and the Hei5875 filter. Integration times are 120 sec (U ), 30 sec (g), 30 sec (r) and 120/180 sec (Hei). Fig. 2 shows the throughput of the U, g, r and Hei5875 filters, as well as the IPHAS r, i and Hα, overplotted onto the spectrum of Vega. As can be seen in Fig. 2 the Hei5875 filter overlaps with the r-band filter, but has a slightly bluer effective wavelength than the r-band. For this reason we construct the (Hei−r ) colour, adhering to the usual nota- Figure 6 . Synthetic colour-colour diagrams in the UVEX filter system for main-sequences, giant and supergiant, using the reddening law of Cardelli et al. (1989) . Colours are shown for E(B − V ) = 0.0, 2.0 and 4.0. Also shown are the encompassing upper and lower envelope curves: the O5V reddening curve and the M0iii reddening curve.
tion for colours to list the bluer band first. Note that the r-band curve is slightly different from that shown in D05, even though it is the same filter. Filter efficiencies were remeasured in July 2006 at the ING Observatory, resulting in the current efficiency curves. Data processing is also identical to the IPHAS procedure. All data is transported from the telescope to the Cambridge Astronomy Survey Unit, where it is processed according to the pipeline procedure as detailed in Lewis (2001), D05 and González-Solares et al.(2008) .
All magnitudes are on the Vega system. The g and r band observations are calibrated on a nightly basis by the observation of photometric standards stars from Landolt (1992) . Photometric calibration in U , Hα and Hei5875 is hard-coupled to that of the g-band (for U ), and the r-band filter (for Hα and Hei5875). The fixed offsets (in Vega magnitudes) are U = g − 2.100, Hα = r − 3.140 and Hei = r − 3.575. These shifts have been determined on the basis of spectrophotometric observations combined with the colourmodeling discussed in Section 4. On a typical good night the zeropoints (in ADU) for g and r are 25.01 and 24.51 respectively, showing the greater depth of the g-band observations for a given integration time. Since the g-and r-band observations are both 30 seconds, the g-band gives the deepest observations of the combined IPHAS /UVEX survey. A global photometric calibration of both surveys remains to be done.
For illustrative purposes Fig. 3 shows the magnitude error as a function of magnitude and colour for the UVEX observations of field 6160, where we have taken all data which have been marked as 'stellar' (quality flag '-1' as defined in González-Solares et al., 2008) and on CCD 4 of the Wide Field Camera. Fig. 13 shows the colour-magnitude and colour-colour diagrams for the same field.
SIMULATION OF THE UVEX COLOUR-COLOUR PLANES
To interpret the UVEX observations, simulations of the colours of stars and the effect of reddening are a very powerful and important tool. In obtaining the simulated colours we follow the procedure as outlined in D05 for the IPHAS survey. In short, model and template spectra are folded with the efficiency curves as shown in Fig. 2 and the CCD response curve, and calibrated on the Vega system using Eq. 1 of D05, where r and i indices should be replaced with the appropriate filter curves. The only difference in this procedure is that we did not rebin all input data to a 5Å resolution (in D05 set by the resolution of the Pickles, 1998, library) , but used a fixed 1Å sampling and a linear interpolation where necessary, as well as an extrapolation on the CCD-efficiency curve on the blueside of the U -band since data was not available. A check on the colours obtained has been made by reproducing the colours as given in D05 for the IPHAS filters (using the filter curves as given in D05). The mean difference and standard deviation on the IPHAS colours derived in D05 and here are ∆(r − i) = 0.009 and σ (r−i) = 0.002 and ∆(r − Hα) = 0.006 and σ (r−Hα) = 0.002. Further checks to the procedure were made by inserting Johnson-Cousins filters into the equation and calculating the colours of mainsequence stars, based on the Pickles spectra, and compared with the colours as given in Bessell (1990) for main-sequence and giant stars and with the Stone & Baldwin (1983) southern spectrophotometric standard stars as given by Landolt (1992) . Our conclusion from these comparisons is that the method accurately reproduces the colours of stars as given in the literature, although there is a large scatter on the (U − B) colours. The relatively large scatter with respect to the stars given in Bessell (1990) can also be attributed to the use of a different set of input spectra (the Vilnius spectra used by Bessell vs. the Pickles spectra used by us). The comparison with the Baldwin-Stone spectrophotometric standards as given by Landolt (1992) and the colours from D05 show the accuracy of the method. All synthetic colours calculated in this paper are given in the Appendices. The large scatter in the U-band is not surprising given its sensitivity to metallicity, atmospheric absorption, and the strong variations in detector reponses that occur at the bluest wavelengths. This procedure was then used to derive the colours in the UVEX filters, for normal stars (luminosity classes V, III and I), emission line objects and white dwarfs.
Based on the colour-simulations presented below, and also folding the Pickles spectra with standard Johnson-Cousins filter curves we derive the following colour-transformations from Johnson-Cousins to the IPHAS /UVEX colour space:
These transformations are valid over the colour-region of −1.43 < (U − g) < 2.19, −0.30 < (g − r) < 1.72 and −0.17 < (r − i) < 2.58. Please note that all magnitudes here are on the Vega system. Transferring to the AB system can be done by using the relations given on the Astronomy Survey Unit's webpage 1 .
UVEX colours of main sequence, giant and supergiant stars
To simulate the colours of normal stars with luminosity classes V (main-sequence dwarfs), III (giants) and I (supergiants) we make use of the Pickles (1998) Figure 8. Spectrum of the AM CVn star V396 Hya (Ruiz et al., 2001) , overplotted with the UVEX /IPHAS narrow-band filter curves of Hei5875 and Hα and the broad-band g and r bands. To simulate the effect of reddening we have applied the extinction laws of Cardelli, Clayton & Mathis (1989) , with a fixed R=3.1. Results are shown in Fig. 6 . Template and model spectra were first multiplied by the extinction laws and then folded through the filter curves. It is clear from Fig. 6 that, in analogy to the IPHAS colours, also here envelope lines exist, indicating a limit above/underneath which no normal main-sequence stars, giants or supergiants are expected. In Fig. 6 these are indicated with 'O5V-reddening' line and 'M0III reddening line'.
Colours of helium emission-line stars
The inclusion of the Hei5875 filter has been made to enable the detection of strong Hei5875 absorbers (e.g. DB type white dwarfs) or emitters (e.g. AM Canum Venaticorum stars and Cataclysmic Variables). Again, in analogy with D05 we have determined the sensitivity to pick out Hei emission using an A0V underlying continuum (very similar to a power law slope with index -3) to which an emission line is added. The emission line is simulated by a top-hat shaped line having a width that is equal to the full-width-at-halfmaximum of the Hei filter, 40Å. The results are shown in Fig. 7 . Reddening has been added to these data in discrete steps of 1 from E(B − V ) = 0 to E(B − V ) = 4. Overplotted onto the grid of emission line strength is the unreddened main-sequence as determined in Sect. 4.1. It can be seen from Fig 7 that emission strength above already a fewÅ should stand out in UVEX observations, depending mostly on the photometric accuracy of the observations. This is only marginally influenced by reddening due to the narrowness of the Hei filter and its position within the r-band. A similar behaviour is seen in the (r − Hα) colour although the effect is larger there (D05).
The colours of AM Canum Venaticorum stars
AM Canum Venaticorum (AM CVn) stars are hydrogendepleted, short-period interacting binaries consisting of a white dwarf primary and a white dwarf or semi-degenerate helium star secondary, sometimes also called 'Helium Cataclysmic Variables' (see e.g. Nelemans, 2005 , for an overview). These systems show orbital periods in the range 5.4 min < P orb < 65 min. At longer orbital periods (P orb ∼ > 30 min) their spectra are dominated by strong helium emission lines (see e.g. Marsh, 1991; Roelofs et al. 2005 Roelofs et al. ,2006a . The strongest of these lines is the Hei5875 line. Fig. 8 shows the spectrum of V396 Hya (Ruiz et al., 2001 ) with the UVEX /IPHAS narrow-band filters of Hei5875 and Hα overplotted. It can be seen that the Hei5875 filter width exactly matches the width of the emission line and therefore provides maximum sensitivity to these systems.
Using the publicly available Sloan spectra and the Very Large Telescope spectra as presented in Roelofs et al. (2005 Roelofs et al. ( , 2007a we constructed a (g−r) vs. (Hei−r ) colourcolour diagram of long period AM CVn stars (Fig. 9) . It can be seen that indeed the long period AM CVn stars lie significantly above the main-sequence in (Hei−r ) due to their Hei 5875 emission. The vertical spread of the AM CVn systems indicates increasing Hei equivalent widths at almost constant broad-band colours.
Simulation of DA and DB white dwarfs
As uncovering the population of single and binary white dwarfs at low galactic latitude is one of the main goals of the UVEX survey we have also simulated the expected colours of a set of white dwarfs. These simulations are based on two sets of white dwarf model spectra available to us: one set kindly provided by D. Koester, spanning the temperature range 6 000-80 000 K and surface gravity range log g = 7.0 -9.0, for both hydrogen dominated atmospheres (DA white dwarfs) as well as helium dominated atmospheres (DB white . Top: Position of log g=8.0 DA and DB white dwarf in the UVEX (g − r) vs (U − g) colour-colour plane based on the Bergeron models (DA) and Koester models (DA &DB) for temperature between 1 500 K and 80 000 K (DA) and 10 000 -50 000 K (DB). DB models with temperature <10,000 K are identical to blackbodies. The characteristic 'hook' in the DA models between temperature 7 000 -25 000 K is due to the Balmer jump which lies in the U-band. The hook at T ∼ < 2 500K is due to collisionally induced absorption by the H 2 molecule. Middle: Same models as in the previous panel in the (g − r) vs.(Hei−r ) colour plane. The DA models with T > 3 000 K virtually overlay the main-sequence models shown in Fig. 5 . The DB models show a pronounced reddening of the Hei−r colour due to the He absorption line at Hei 5875. Bottom: Same models as in the previous panels in the (r − i) vs. (r − Hα) colour, to show the distinction that can be made in these colours between DA and non-DA white dwarfs based on the deep Hα absorption.
dwarfs) and one set kindly provided by P. Bergeron spanning the temperature range 1 500 K -17 000 K and surface gravity range log g = 7.0 -9.0, for hydrogen dominated atmospheres (DA white dwarfs). In the coolest models (T < 4 000 K) the effect of collisional induced absorption due to the formation of H2 was included. See Finley, Koester & Basri (1997) , Koester et al. (2001) and Bergeron, Wesemael & Beauchamp (1995) for details on the calculation of these models. Both sets of models were provided on a non-linear wavelength grid, where the lines were more densely sampled than the continuum region. Both sets of models were interpolated on a regular grid with a 1Å binning, identical to the sampling of the filter curves and CCD efficiency. In the overlapping region both sets of models were compared with each other, and were found to be identical on the level of < 2% at all wavelengths with the exception of the very cores of the lines, where differences can increase to ∼4% over a small wavelength range.
For the calculation of the white dwarf models we have used the models with a fixed surface gravity of log g = 8.0. Fig. 10 shows the colours of the white dwarf models in the UVEX colour-colour planes.
Simulations of Cataclysmic Variables
The location of Cataclysmic Variables in Hα narrow-band surveys has been extensively discussed in Witham et al., 2006 . In IPHAS , based on solely the r − Hα and r − i colour, it is difficult to make a photometric distinction between highly reddened background early-type emission line objects and Cataclysmic Variables. With the addition of the UVEX colours this will become easier. Cataclysmic Variables are intrinsically rather faint (MV ∼ > 5) but blue, making them on average much less reddened than intrinsically brighter objects at the same colour. We have simulated the position of Cataclysmic Variables in the UVEX survey by taking the sample of Sloan Digital Sky Survey Cataclysmic Variables (Szkody et al. 2002 (Szkody et al. ,2003 (Szkody et al. ,2004 (Szkody et al. ,2005 (Szkody et al. ,2006 (Szkody et al. ,2007 and folded them through the UVEX filter curves. The U -band magnitude could not be calculated due to the blue cut-off in the Sloan Spectra at λ ∼ 3800Å. In Fig. 11 we show the colour of all SDSS Cataclysmic Variables and AM CVn stars in the UVEX /IPHAS colour planes.
COMPARISON WITH OBSERVED DATA
Data taking for UVEX has started in the summer of 2006, and up to September 2008 30% has been observed. After quality control checks all data will be made public through the website of the European Galactic Plane Surveys (EGAPS) 2 .
Control fields & Survey depth
To check our photometric calibration and extraction algorithms in highly crowded areas a number of globular clusters were observed as control fields. In Fig. 12 we show the colour-magnitude and colour-colour diagrams for NGC 5904, 2 www.egaps.org, see also www.iphas.org overlaid with our main-sequence colour tracks. It is clear from Fig. 12 that the extraction mechanism works very well, even in severely crowded regions. The limiting magnitude (defined here as the magnitude where the magnitude error reaches 0.2 magnitudes (i.e. ∼ 5σ, which would be an error of 0.22 magnitudes) of UVEX data under good conditions (r-band seeing of 1. ′′ 1) is 21.8 (U ), 22.6 (g), 22.1 (r) and 20.2 (Hei5875). A limiting magnitude set at 0.2 magnitudes error in the magnitude value encompasses between 95% and 98% of all stellar objects, depending on the filter. Part of the Hei5875 observations are taken with 180 second integration, Figure 12 . Colour-colour and colour-magnitude diagrams of globular cluster NGC5904 (M5), showing all detected objects with a magnitude error < 0.1 for clarity, overlayed in the colour-colour diagrams with the UVEX colour-tracks as presented in Sect. 4. Full lines are for main-sequence stars and dashed-lines for giants. The O5-reddening line and the supergiant reddening lines are also shown as the upper and lower envelopes (see Fig. 6 ) increasing the limiting magnitude. In general, of course, the limiting magnitude of each individual exposure will depend on seeing, transparency, sky brightness and, in severe cases, also crowding (see Sect. 6).
Galactic Plane data
In Figs. 13 & 14 we show two representative fields from the Galactic plane centered on (l, b=79.6
• ,-2.8 • ) and (l, b =83.0
• ,-0.1 • ), respectively. In the extraction only sources with quality flag '-1' (stellar) and '-2' (probably stellar) have been taken into account and the condition was set that the sources were detected in both the direct as well as the offset fields. In the colour-colour diagrams we overplot the colour-tracks for unreddened data as well as for E(B − V )=2.0 and 4.0.
In field 6160 (Fig. 13 , l = 79.6
it can be clearly seen that the main-sequence stars are reddened (E(B −V ) = 1.25 according to Schlegel, Finkbeiner& Davis, 1998) . On the blue side a small number of blue excess sources are present, varying in magnitude between 18.5 < g < 22.5 and at g − r ∼ 0. These are unreddened, intrinsically blue and intrinsically low-luminosity objects that lie in front of the bulk of the main sequence population. These are the 'UV-excess' sources that give their name to the survey: predominantly white dwarfs and white dwarf binaries. The reddening of the main-sequence causes the bulk of the stars to shift to redder colours overall, uncovering a population of 'warm' (T < 10 000 K) white dwarfs. In unreddened (higher galactic latitude) fields these 'warm' white dwarfs merge with the main-sequence and become difficult to identify in broad-band photometry. Due to the shallower depth of the Hei observations the faintest UV-excess sources in g are not detected in the Hei filter (Fig. 13 ). Due to their blue colour most are detected in the U -band. A distinction between DA and DB white dwarfs can already be made on the basis of the (U − g) vs. (g − r) diagram, but will be further aided In field 6167 (Fig. 14) the reddening is higher (E(B − V )=3.10 according to Schlegel, Finkbeiner & Davis, 1998) , which is not surprising given its location in the mid-plane. The reddening is such that all stars earlier than M0 are substiantially reddened. In the (Hei−r ) vs. (g − r) diagram Mtype stars show a distinctive down-turn in the Hei−r colour, making them easily identifiable. The same stars can be seen as the almost vertical sequence at g − r=1.5 and running from 19 < g < 23. Counter-intuitively the intrinsically faint late-type M-stars have become some of the bluest objects in the field, apart from the real stellar remnants located bluewards of g − r <1 and g > 19.
SEEING STATISTICS & CROWDING
For all data up to November 2007 we have collected the seeing statistics in the four UVEX filters (Fig. 15) . This is for a total of ∼375 square degrees and ∼3 000 pointings over the period June 2006 -November 2007. It can be seen from Fig. 15 that the median seeing in the UVEX data so far is (1.
′′ 3,1. ′′ 1,1. ′′ 0,1. ′′ 4) for the (U, g, r, Hei) filters, respectively. The Hei data shows a qualitatively different behaviour than the other three bands with a much broader maximum. This is most likely caused by the fact that most of the Hei data is taken with an integration time of 180 seconds, but with no autoguider. This causes small errors in the telescope tracking, which translate into a deteriorated seeing.
With the stellar densities expected and detected in the Galactic Plane down to g∼22 crowding becomes a real concern for number statistics studies. Surface densities of detected point sources in the UVEX fields can reach up to 200 000 sources per pointing, i.e. 700 000 stars per square degree. Following Irwin & Trimble (1984) we here make a global estimate of the effect of crowding in the UVEX data. Using their Eq. 4 and inserting the relevant numbers for UVEX we calculate the crowding correction factor (i.e. their f ′ /f ) for seeing disk FWHM values of 0. ′′ 7 -1. ′′ 2 as shown in Fig. 16 . As can be seen the crowding factor is a strong function of the actual seeing, and also of the assumed radius of the actual stellar profile. Fig. 16 shows the correc- Figure 14 . Colour-colour and colour-magnitude diagrams of field 6167, showing all detected objects with a magnitude error < 0.1 for clarity, overlayed in the colour-colour diagrams with the UVEX colour-tracks as presented in Sect. 4 tion factors for both a 2σ Gaussian profile cut-off radius as well as a 3σ cut-off. We see that at the maximum density of detected sources in UVEX, which is close to 1 million sources per square degree, we reach a crowding correction of at least 20% in the best of cases (0.
′′ 7 seeing, 2σ cut-off) and quickly reach >100% when a 3σ cut-off radius is taken. Of course in reality the actual crowding will also depend on the actual magnitude difference between two nearby, almost overlapping sources and will require a detailed field-to-field modeling, but this global estimate shows that for the most crowded regions of the Galactic Plane crowding is a serious issue.
CONCLUSIONS
The UVEX survey offers the possibility to detect intrinsically blue, faint objects in the Galactic Plane, as well as offers the first-ever homogeneous blue survey of the Galactic Plane and is ideal for uncovering a large population of stellar remnants. The depth of the g-band observations, close to the ground-based confusion limit, will allow for detailed Galactic structure research. The combination with the IPHAS survey offers the first ever optical survey of the Northern Galactic Plane in the U, g, r, i, Hα and Hei 5875 filters. The Southern Plane will be covered by the VPHAS+ survey in the same bands (minus the Hei band), on the VLT Survey Telescope at the European Southern Observatory. Combined, these three surveys form the heart of the European Galactic Plane Surveys (EGAPS). When completed EGAPS will provide positions, colours for close to one billion stars in our Galaxy. From the first study on proper motions from EGAPS Deacon et al. (2009) showed that we can expect ∼140 objects per square degree with a proper motion µ 20 mas yr −1 .
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APPENDIX A: UVEX COLOURS FOR MAIN-SEQUENCE STARS, INCLUDING REDDENING
Spec. Table A2 . UVEX colour indices (U − g), (g − r), (HeI − r) for Pickles Giants including reddening.
Spec.
Hei−r U −g g−r Hei−r U −g g−r Hei−r U −g g−r Hei−r Table A3 . UVEX /IPHAS colour indices (U − g), (g − r), (HeI − r) for Pickles Supergiants including reddening.
Spec. Table A4 . UVEX /IPHAS colour indices (U − g), (g − r), (Hei−r) (r − Hα) and (r − i) for log(g)=8.0 Bergeron DA white dwarfs including reddening. Table A4 . , continued Table A5 . UVEX /IPHAS colour indices (U − g), (g − r), (HeI − r) (r − Hα) and (r − i) for log(g)=8.0 Koester DA white dwarfs including reddening Table A5 . , continued Table A6 . UVEX /IPHAS colour indices (U − g), (g − r), (HeI − r) (r − Hα) and (r − i) for log(g)=8.0 Koester DB white dwarfs including reddening.
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